Introduction
Idiopathic pulmonary fibrosis (IPF) is a progressive disease of the lung parenchyma characterized by varying degrees of interstitial fibrosis [1, 2] . A recent international consensus statement concluded that usual interstitial pneumonia (UIP) is the histopathological pattern identi-fying patients with the clinical entity of IPF [2] . The clinical course is dismal in most patients, usually beginning with exertional dyspnea [2] . Impaired gas exchange as well as a restrictive pattern in pulmonary function tests and peripheral basal bilateral reticular pulmonary opacities on chest radiographs [3] are key clinical features of IPF. Even in the absence of a complicating disease such as coronary artery disease, infections, severe pulmonary hypertension and bronchogenic carcinoma, the median survival is less than 3 years [4] . At present, there is no good evidence that would definitely support the routine use of any therapeutic agent to treat IPF [4] [5] [6] [7] [8] [9] [10] . Because IPF is a relatively rare disease (7-10 cases/100,000/year), randomized, placebo-controlled therapeutic studies are difficult to perform [11] . Although many investigators have underscored intra-alveolar inflammation as a cause, anti-inflammatory agents and immune modulators have proved to be minimally effective in limiting alveolitis and modifying the natural course of the disease [12] . Corticosteroids are commonly used as a first-line treatment in patients with IPF despite the lack of proven efficacy [6, 13, 14] . Less than 30% of patients show partial and transient response [2, 5, 10, 15] . The combination of azathioprine and prednisone was proposed as standard therapy by the American Thoracic Society (ATS) and European Respiratory Society (ERS) Statement [4, 16] despite very limited evidence. Treatment with interferon-␥ -1b has not affected progression-free survival, pulmonary function, or quality of life [17] . N-Acetylcysteine [18] and pirfenidone [19] may have some beneficial effects, but additional large clinical trials are needed to confirm their usefulness.
Results regarding the effect of cyclosporin A on the progression of the IPF are controversial [20] [21] [22] [23] . The combination of cyclosporin A, corticosteroids, and azathioprine is most commonly used in patients after lung transplant for immunosuppression [24] . In this paper we evaluated the response of the native lung to a cyclosporin A-based immunosuppressive regimen in patients with histologically proven UIP after single lung transplantation (sLTx) using a high-resolution computed tomography (HRCT) scoring system.
Patients and Methods

Study Subjects
From August 1995 to January 2004 22 patients underwent unilateral lung transplantation for diffuse interstitial lung disease. In 17 patients UIP was histologically confirmed. The diagnosis of IPF was made by exclusion of other known causes of interstitial lung disease, characteristic abnormalities on HRCT scans (bibasilar subpleural honeycombing, thickened intralobular septa, traction bronchiectasis and minimal ground-glass opacities), abnormal pulmonary function studies showing restriction and impaired gas exchange according to the criteria of the ATS/ERS consensus classification [25] . Four patients were excluded from the study because computed tomography (CT) scans were not available. Only patients who had at least one HRCT up to 6 months before and one 6 months after sLTx and who received cyclosporin A-based immunosuppression entered the study. CT scans were not used, if the patients had an apparent complication such as pneumonia or edema, or if only thick-collimated (more than 3-mm slice thickness) conventional or helical CT scans were available.
As the present study is a retrospective observational study that includes a review of the imaging studies, and clinical and pathological data, neither institutional board approval nor informed consent is required by the national law in our country.
HRCT Scans
The HRCT scans were performed with 1-to 1.5-mm section thickness at 10-mm intervals in full inspiration, a 512 ! 512 reconstruction matrix, a high-spatial-frequency reconstruction algorithm, 120-140 kV, and 160-210 mAs, without injection of contrast material. Scans were obtained with a Hi Speed Scanner (GE Medical Systems, Milwaukee, Wisc., USA), Somatom Plus (Siemens, Erlangen, Germany), and MX 8000 (Philips Medical Systems, Best, The Netherlands). The HRCT scans were obtained with different lung window settings (window level -500 to -700 HU and window width 1,500-1,600 HU). Soft-tissue settings were not obtained routinely.
HRCT Scoring
All of the HRCT images were reviewed by three radiologists working together as a team. A final decision was made by consensus. The reviewers were aware of the diagnosis of IPF. Pretransplantation scans were reviewed without knowledge of which lung was removed during the transplantation procedure. For analysis of posttransplant HRCT scans the radiologists were blinded to the findings on the pretransplant HRCT scans or the time after transplantation. A fibrosis score (FS) and ground-glass score (GGS) were used as previously described by Gay et al. [8] . Each lobe of the native lung was separately scored on a scale of 0-5 for the presence of both ground-glass opacity and interstitial abnormalities which include septal thickening and honeycombing according to the scheme described in table 1 . The lingula was scored as a separate lobe. After each lobe was scored individually, an average score for all lobes was obtained and used for the statistical analysis.
Statistical Analysis
For the statistical analysis SPSS statistical software was used (SPSS 11, SPSS Inc., Chicago, Ill., USA). The quantitative average scores (FS and GGS) were analyzed as follows: slopes were determined for each patient by fitting linear least square regression lines to individual posttransplantation time courses. Resulting slopes were analyzed by the sign test. Only slopes from the last pretransplatation HRCT (up to 6 months before transplantation) and those from posttransplatation HRCTs were analyzed ( table 4 ). A p ! 0.05 was considered significant.
Results
Thirteen patients ( 33-59) . The average duration between establishing the diagnosis and sLTx was 42 8 22 months (range 14-79 months). All 13 patients underwent sLTx operation and standard postoperative management and were treated with an immunosuppressive regimen consisting of prednisone, azathioprine and cyclosporin A. In 2 patients this regimen was changed to tacrolimus and mycophenolate mofetil after 48 and 54 months, respectively, due to the development of bronchiolitis obliterans syndrome grade II.
Prednisone dosage was 1 mg/kg initially and tapered to 7.5 mg at the end of the first year. Azathioprine was dosed at 1-2 mg/kg based on each patient's white blood cell count. Cyclosporin A was dosed to achieve an initial trough serum level of 350 mg/ml and tapered down to a trough level of 250-200 mg/ml at the end of the first year and to 100-200 mg/ml after 3 years according to organ function and renal function.
HRCT examinations were obtained 42 8 26 days prior to sLTx (range 88-7 days). After sLTx the follow-up period ranged from 12 to 96 months (mean 42 8 27 months). Hard copies of 39 HRCT examinations were available. In each patient 2-4 examinations were done ( tables 2 , 3 ).
The mean lung FS and GGS in the nontransplanted lung on the last pretransplantation HRCT scan were 1.80 ( 8 0.27) and 1.61 ( 8 0.45), respectively ( table 4 ) .
The ground-glass opacity was improved in 6 patients, stable in 4 patients and worse in 3 patients. When comparing the serial changes in pre-and posttransplant HRCT scans the average GGS tended to decrease (-0.06 8 0.26/year); this, however, was not significant (p = 0.5). No relationship between rejection history and change in GGS could be detected.
All patients showed an increase in the extent of the fibrotic changes after sLTx ( fig. 1 , 2 ) . The average score regarding fibrotic changes increased in all patients (p = 0.00024) ( fig. 3 ) . The mean increase of the score was 0.35 ( 8 0.15)/year ( tables 3 , 4 ).
Discussion
Despite significant advances IPF remains a diagnostic and therapeutic challenge with a limited understanding of etiology and treatment options [26] . The rapid progressive nature of this disease restrains the development of effective preventive and therapeutic strategies [26] . Our study reports for the first time serial changes in HRCT scores over a longer follow-up period in a group of pa- R  39  60  3  1  2  M  R  64  60  3  2  3  F  L  59  22  4  3  4  F  L  57  48  3  2  5  M  L  48  20  3  2  6  M  L  61  18  3  1  7  F  L  38  24  2  1  8  M  L  60  75  3  1  9  M  L  47  52  3  2  10  M  L  64  12  3  1  11  F  R  35  96  3  2  12  M  L  63  23  3  2  13  F  R  24  46  3  1 tients after unilateral lung transplantation. In our patients a combination of cyclosporin A, corticosteroids, and azathioprine did not prevent progression of fibrosis in the native lung. Treatment with cyclosporin A was studied retrospectively in a small series of 13 patients after an acute exacerbation of IPF [20] . The authors concluded that cyclosporin A seemed to prevent reexacerbation of IPF [20] . In contrast to that report Alton et al. [27] followed up 7 patients who were treated with cyclosporin A after unsuccessful treatment with prednisolone and cyclophosphamide. Initially, these patients showed clinical and physiological improvement. However, further improvement was not remarkable and deterioration of the fibrosis occurred [27] . Lok et al. [21] reported improvement of IPF in 1 patient after sLTx with cyclosporin A therapy that was not sustained.
Our data confirm the results of Wahidi et al. [23] , who retrospectively examined the response of native lung to immunosuppression in a small group of 5 patients after sLTx and found no effect on the progression of the disease. However, they had data on serial changes in only 2 patients and they used mainly conventional CT scans in the evaluation process, while we used only serial HRCT scans which have been shown to be better than conventional CT scans in the evaluation of patients with fibrotic lung disease and especially in predicting response to therapy [2, 8, 25] .
In our study findings of fibrosis (intralobular septal thickening and honeycombing) increased in the native lung after sLTx in serial evaluation of HRCT examinations in all 13 patients who underwent a cyclosporin Abased immunosuppressive regimen (p = 0.00024). Our findings are similar to those reported in several studies in patients before lung transplantation [9, [28] [29] [30] [31] . Although some investigators reported that the ground-glass opacities represent an ongoing fibrotic process, we found that the GGS did not correlate with the progression of fibrosis. This could be at least partly due to the difficulty to detect small changes in the lung parenchyma, as the scoring systems were divided only into 5 grades. However, with the use of finer classified scores we seemed to lose improved simplicity and reliability in the assessment of the FS and GGS. It is conceivable that the ground-glass opacities do not always represent cellular inflammation in the IPF population [32] . Nagao et al. [32] demonstrated that the UIP histology showed a greater paucity of bronchoalveolar lavage fluid lymphocytosis in the IPF patient group than in the UIP patient group with associated collagen vascular disease. In addition, most IPF patients in our group presented at later stages of the disease with advanced fibrotic changes, whereas ground-glass opacity was expected to be minimal. However, our study has several limitations. There are intrinsic selection biases in the study population due to the retrospective nature of the study. Another limitation of our study is the small number of patients. The limited patient population, although representative of our clinics, might not reflect all patients with IPF after sLTx. In addition, our patients were self-selected, as all had to be fit enough for sLTx and all had to survive for at least 6 months after sLTx. This resulted in the selection of relatively young patients with IPF, which may not be representative for the typical population of patients with IPF.
Assessment of the FS of the native lung may be influenced by the difference in compliance between the native lung and the healthy allograft. The degree of expansion of the native lung at full inspiration after the transplantation probably would not be as great as it was prior to transplantation, leading to mediastinal shift, possibly with concomitant contraction of the native lung and overestimation of the FS. In all patients, however, in whom serial measurements were available, a clear increase in the FS was found with unchanged volumes of the transplanted Fig. 1 . a HRCT scan in a 48-year-old patient at the level of right middle lobe obtained 6 months before lung transplantation shows characteristic peripheral subpleural honeycombing, inter-and intralobular septal thickening as well as broncho-and bronchioloectasis (white arrowheads) involving up to 25% (FS of 2) of the middle lobe. Note that the groundglass opacity is a minor finding in the lower lobe (G). b Two years after transplantation there is remarkable increase in fibrosis in the right middle lobe (FS of 4) but with only minor ground-glass component (arrowhead). Note the increased honeycombing in the lower lobe (H). Fig. 2 . a HRCT in a 47-year-old patient at the level of the lingula a few days before lung transplantation shows areas of honeycombing (arrows) involving up to 50% of the lobe (FS of 3). Subpleural areas of ground-glass opacity are present (GGS of 1) (arrowheads). b One year after lung transplantation marked progression of the fibrotic changes and FS of 5 involving more than 75% of the lobe (arrow) can be seen. lung, indicating that the deterioration was not simply due to the mediastinal shift, but to disease progression.
In conclusion, our study demonstrates for the first time serial changes of an ongoing fibrotic process in the native lung following sLTx indicating that a triple-drug immunosuppressive regimen consisting of corticosteroids, azathioprine and cyclosporin A does not seem to prevent progression of fibrosis. Investigations of alternative therapies directed towards the underlying pathophysiology in patients suffering from IPF are urgently needed to improve prognosis.
